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? Purpose;  Sofl Survey

The s0§1 sempling program is des

and Ency Islands of the Bikind Kktoll,
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Every possible effort will be ma&c

1o fntegrote this sempling program with previous progrems to dvoid undve
duplication of effort, The actuzl nunber of samples and their specific
collection sites will be & function of (1) the expected activity levels,
(2} future home-construction plons, (3) future agricultursl plans, (4) the

aerdial survey results or any other moasure of the varish
exposure rates, end (5) the number and Yocstions of recent

collected by other proorams,

liethods and Vieasurements:

Two types of sofl seniples will be ¢ollected Tor snolysis:
15-cm-deep surface core ssmple of 60 cuf srea, and (?) & profile co
based ugon sidewall sanpling 1n & trench in which szmples of 100 cf

ected &1 15 om depth Increments to a totsl depth of 90 om.

are col

purposes of planning the survey, Bikinf Island gy
central, &nd south sections alony the respective second base line roads,

{1ity $n the ganma
s0i1 ssmples

(1) »

lection
area
for -

be divides into the north,
Encu

msy be divided fnto the north snd south sections divided by the sirstyip. The
spproximste numbers of surface snd profile ssmples to be collected within

these scections are shown in Yeble V.

Note that & mejor fraction of the sur-

foce semples will be collected within the central section of Rikini Istend. -
This is due to the relatively higher &nd more varisble gsmms exposure rates
fn this asrez snd L0 the fact that a major fraction of the rceturning Bikinisns

wi1l most Vikely reside withfu this section.

Only » few profile samples are

planned fn this area becsuse severel samples have slready been collected

during previous surveys,

The north and south sections of Bikini Islend and

a1} of Encu exhibit relatfvely lower conteminstion Yevels; hence, the saspling

dens{ty {1 lower.

Specisl emphasis, however, will be given to the lagoon -

side of Cnew since future homes wmsy be erected in this eres.

Toble 1. Humber of sof) semple locations on each jsland.
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The exsct 5031 sampling locstions will sctuslly be determined by &
rendom sclection process Lo obtafn statisticelly meaningful end unbiascd
results, Specia) sanples will also be collected within "hot spot” areas
or other areas of specislized interest, The samples will be placed in
plastic bags with appropriate tdentification tags and read{ed for shipment
to LLL, where they will undergo preprocessing and gamma-spectral snalysis.
1t {5 enticipeted that analyses for other radfonuciides of interest, such
as, plutonfum-239 and strontium-90, will be perforned at 3 contractor

laborztory. .
Purposes  Genms-Lxposure Rste Survey

The gamms-ray exposure measurements program conducted on the ground s
desipned to suppiement the [GS6 aerial survey by providing detefled
examination of the peographical varisbility of the exposure rates within
selective sreas, and to provide overall verification of 811 exposure rate

measurements made during this survey.

Hethods end Feasurements: ~

Yhe program ut{ifzes the Baird-Atemfc scintillation detector which
consistis of & 2.b-em-diem X 3.8~cm~19n9 Hal crystal with retemeter resdout,
The instrument €s colfbrated with & 13/Cs point source on the primsry cslibre-
tion renge of the Natfonal fnvirormential Research Center, Las Vegas, Nevoda.
Khile the response of this fnstrument {s energy-dependent, ovr experience
at [newetlsk s?oyed that this was not & serfous limitation becausc of the
dominance of 13/Cs {n the radiztion background on the atol}. Ke will 81so
vtilize the Reuter-Stokes high pressure ionizetion chamber. The current
produced by the radistfon induced fonization within the chamber §s messured
by & sensitive electrometer with digitsl rcadout. The instrument exhibits
a {18t energy response over &1l ganms-ray cnergfes of fnterest to this survey.
1t is cepeble of messuring exposure rates {rom sbout 1 pR/hr to 200 yR/hr with
sn sccuracy of about 5%, Thus, the results derived from this instrument may
be chosen 8% & reference to which measurements obtained by other techniques
con be compsred. .

Feasurements of the exposure rate at 1 m above the -ground will be made
with the KaJ scintillator st each of the sofl sampling locations on both
tslands. The ifonizetion chamber will be primarily used for measurements
vithin the central section of Bikini Islend with sdditions] measurements to
be made 5t “hot spot™ arcas revesled by the serfel survey, Thus, 8 feirly
comprehensive picture of the gamms-ray cxposure rates «ill be aveflable for
both {slands frowm this program for compsrison and validsation of the aerfal

survey resvlts.,

Btkini-Ground Veter Program

Purpose: To establish a network of well locations on Bfkini and Enecu Islands
fn order to assess the ground water quality and to systemstically study the
hydrology end geochemistry of radionweclides, nejor end troce elements in the
ground water system, Yater movenent and residence times will be assessed Lo
deduce the transpori rates and mechenisms for radionuclides deposited in the
soil zonc or taken up by vegetstion. .
o DOE ARCHIVES
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Kethods snd Measurcments:

. Approximstely 7 holes will be drilled with & ground power buger at
selected locations along the center lines of B{kini and [neu 1slands.
Pits will be dug with & back hoe to » maximum depth since the ground water
reservior surfsce will be approximately 2 meters below the ground surface.
Ke must emphasize thet the progress of this program wil) be seriously hempered
1f & beck hoe 15 not svaflable to support our effort, The suger will pene-
{rate the ground water lens to & depth of approximately 3 to 5 feet. ksch
hole wil) be cased with slotted 2* dismeter PYC pipe and the pipe will be
-extended to the sof) surface. The pft will be back filled to essentially
provide no environmental impact on the sres. .

The Tirst hole will be located near the $s)and center. The sslinity of ‘
the water will be measured with &n fn-situ conductivity probe. 2 holes will
then be drilled to bracket the center hole &nd the salinity will be messured
in each. Ke will continve dritling up to 7 holes on each island procezding
in the direction towsrd the freshest indfcated ground water; this will €rovide
the msxinum nunber of well sites- having the freshest water for potentie
utilization. Heter will be punped from the wells, filiercd and ssmpicd.
Redionuciides, major elements, nutrients and bacteris rneasurements will be
mede at the laboratory to provide dsts for water quality. Specific wells
(to be defined in the field) will be pumped continucvsly over & dsy &nd
sertslly sempled, to follow ihe changes in water quality as & function of
ussoc, Recomwendetions will be made on the potentisl usefulness of the
ground wster reservior for agriculture, houschold or drinking purposes. Two
cYosely spaced wells, located in high Cs137 disturbed and undisturbed soils,
i1} be sampled o sssess the impact of disturbed soil colurns on ithe local
ground weter qub)it{. $of) leaching and Vysimeter experiments are also
plenned. The well locetions, drilling and sempling, however, are our first
priorities during the two weeks allotted for this program.

hssessment of the fresh water residence Lime will be made from the date.
The well network, once esteblished, will be available for vesampling on sub-
scouent trips we plan to the Atoll to thoroughly sssess the dynamics of
radionuciide cycling in the ground water reservior and to rmaintsin &
surveillsnce on the weter quality. The program operation will be fashioned
sfter our Encvetsk oround water study end comparison of the dsts from boih
ttolls should be especfally valvable for predicting the mechonisms and
rates of constituvents in ground water st Pacific atolls, The U. of Hawatd
(. R, Buddemeier) will have the enalyticel responsibility for major clement
analysfs snd LLL (V. E. Noshkin) w{11 have the responsibidity for radionuclide
assessment.  KHe will determine the concentrations of €s137, Sr80, and
Plutonfum in 811 samples by radio chemical techniques, Garmms emitters present
in 8 ferr{c hydroxide precipitste, will be fdentified and the levels assessed
{rom the specirometry deta, Tritium will be measured on sclected semples.

Plant/Soil ngplfng Program

Purposte: The mafn thrust of the program will be to determine radionuciide |
concentrations in food species, to correlote these with soil concentraiions
¢t various depths, to determine.nuclide availebility to plsnts 1n the corel
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 sofls, and to re¥ate the food-species radfoactivity to other {nd{igenous

non-food species which mey have {ndicator species potentfal. The unique
information that this survey will provide 1s:

1. Soil-to-plent, and sofl-to-fruft concentration factors for
detectable radionuctides.

2. The relationship between food species and non-food species
at the samz location.

3. The relatfonship between total sotl redicactivity and the
radioactivity which {s &veilzble to the plant in the sofl
solution st the time of sempiing. .

4. The rclettonship of vegetation, soil, soil water, litter and humiss
fn the oversll cycling of radfonuciides {n mature food crops.

5. The relztionship of lens water rediocactivity to that in soil
water and plants growing zbove the lens zone in ovder o determine
the rote of loss ?time dependent. fnformatfon) from the coral atoll
environment. .

6. Intra-island varfsbility in vegetotion radfonuciide concentrations.

7. Supply the data bsse for assessment of terrestrial food chein
trensfer of radicactivity from the soil to men for lonp term dose
evdluztion upon rehabintation of the atold,

-

The sempling program will thercfore consist of integra(ed sample series
composed of food species and soil profile ssmples which will be obtained on
an 24 hoc, specfes aveilsble basis. A broader sampling progrem which will
be based upon a widely svsilable species, probebly Hesserschaidis or Scaevola,
¥i1l &lso bie carried out to determine the intra-island variztions in vegeta-
tion radfoactivity. These date will be valugble in recommending future
sgricultura) sites and to correlate with the broad sofl radioactivity survey
snd the serifal survey. , - :

An attempt will be made to correlate some sampling sites with the |
ground-water survey to provide dsta on the cyciing of radionuclides st the
given site. A}l food species presently prowing and fruifing on Bikini will
be sémpled in triplicete {1 the quentity of material permfts. Sofl profiles
(2/tree) witY be obteined {n the root rzone of the tree sampled to determine
the concentration of radioactivity 4n the soil, the sofl water gnd the
orgsnic fraction. A large sample of soit (3 ko.) from the orgsnic zone of
the soil (1-30 cm. depth) will be tsken to make a leaching ressurcament of
5011 solution radioactivity, Both leaves and fruit wil) be sampled to
permit leaf-to-fruit transfer cocfficicntg to be calcvlated. lJon-food
species will 8150 be sampled In the vicinity of the food species to provide
informatfon on specfes veristion in radionuciide upirke, iénd to evalusie the
use of non-food species concéntretions in predictive assessment of humsn
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fntake when no food products are svaflable for analysis. This approach sas
vsc?tin the [newetak survey becsuse of the paucity of food species on the
atoll. .

This program along with the ground water program will supply the deta
base for esscssing the long term dose comnfttment via food cheins upon
rehabitstion of the 2tol) and fnclusfon of coconut, pandanus fruit, bread-

fruit, bananas and papayas in the dief.
Bikint Air Sampling Program

Purpose: The concentrations of radfonuclides 4n air st the Bikini Atoll

tre expected 1o be very low, therefore, the air sampling program is designed

to enphas{ze the determinstion of the mass lozding (conceniration of total
suspended particulates) on the islends of Bikini and Eneu. The mass loading
spprosch hes been used in the pest to predict the long torm cxpected con-
centration in air of radionuclides (particulerly 23%py) by use of the relstfon-

ship
(E%i) sof1 X (;%;EQ) air (%%}) 2ir

This relationship assumes that 811 of the suspended particulate matter in
sir {s derfved from the soil surface and that the aversge nass losding of the
stmosphere 15 100 wg/m3. Both &Ssumptions are belfeved to be conservative
for sms1) Pocific islands &s perhirs a largpe part of the total suspended
perticulates may be derived from the ocean, &nd it §s likely that actusl

rsss Yopdings sre tower than 100 yg/m3 on these small {slands. To our
knovledge, however, such mass loading measurements heve never been made.

The sir sampling program is designed to schieve the fol\qwiﬁg objectives:

‘Y. - Heasure the dotly mass loading with associated wind velocity
measyrenents. |

-—

2. 5easurc the concentration $n air sversged over the totsl sampling
poriod of 811 gsmme-emitiing radionuciides, 90Sr, 239pu, and 241Am,

3. Determine the distribution of these radionuclides and mass with
. perticle stze. )

&, Deterinine the pCi/a of totsl suspended perticulates, so that this
concentration mey be conpared to that of the soil. .

Fethods and Messurenents:

The exsct detafls of how this will be eccomplished ere not definitive
¢t the present time because the aveilabflity of sempler housings and
oenerators 15 not preocisely known, However, beth the minimum progrem &nd
probeble maximum proursm con be fornwlated, Two types of spmplers will be
used, 20 cfu cascade inpactors and 60 cfm high-volume ssmplers. The cascade
fnpsctors will be opereted continuously durfng the course of the study without
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® change of .the collection medis. The filters for the high volume somiplers

wi1) be chenged dafly. Grevimetric snalysis of a1V collection media will be
done {n order to determine msss collection. The collectfon surfaces from

the csscade fmpactors will be submitted for radfonuciide snalysis. The high :
volume T{lters may be analyzed depending upon the emount of collected mass, -
the results from the cascede Impactors, and the priority for available funds.
Keasurements of wind velocity will be made end recorded on both Bikinf end

Eneu 1stends; ft 3s entfcipated that additfonsl meteorologicsl measurenents

will be avaflsble from the USNS Chauvenet. &fr sempling will &lso be conducted
on the USKS Chauvenet, &nd will be used as “background" measurements.

The following sompler deployments are anticipﬁted.
1. Kinimwm Program ' . :'
--A. Bikint 1sland: 2 cascade fmpactors, 2 high-volume samplers. .’ ™
B. [Eneu Islabd:' 1 cascédé 1mpaftor,‘1.high-volunc sémpler. '
C. WUSKS Cheuvenet: 1 cascsde {wmpactor, 1 hfgh»volume sampler.
. Probeble Maximunt Program ‘ o ‘
A. Bikin{ Island: 2 Eascade {mpactors, 4 hiéh«voiune samp\éf;.
B, Eneu Jslend: 2 cescade impactorﬁ. 2 high-volume sémpfefs. :
C. USKS Chsuvenet: 2 csscede impsctors, 2 high-volume ;amﬁ1ers;

In addition, & fesr persons! sir samplers mey be worn by those personnel
anticipated to experience the maximum dusty conditions while performing the . .

soi\ sempling program,
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Bricf Surmmary of Medical Findings in the Marshallese (24?237‘
Accidentally Exposed to Radiocactive Fallout in 1954 ;7’?“Z:Z
l—ﬂ
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The accidental exposure occurred on March 1, 1954 following detona-

\_

tion of a thermonuclear devise on Bikini in the Pacific Proving Grounds.

A shift in wind resulﬁed in fallout on the following inhabited island$*

Estimated
Island Distance from Bikini No. of People Garma dose
Rongelap . 105 miles 64 175 rads
Ailingnae 110 » ‘ 18 o5 "
Rongerik i35 n» ’28* 70 "
Utirik 275 " 158 1 "

American Service men

There were no deaths but certain acute effects were noted, particularly
in the Rongelap peopie. Transcient depression of blood cells was follow-
ed by recovery to near normal levels by one year. Fallout deposited on
the body resulted in ;kin burns and spotty loss of hair in the Rongelap,
Ailingnae and Rongerik groups. The burns healed and the hair regrew with-
out complications in several months. Urine analyses revealed that inter-
nal absorption of radioactive material had occurred from inhalation and
ingestion of contaminated food and water but no acute effects were ob-
served from this source (as will be seen below late effects did occur).
Follow-up examinations during the first decade showed few findings
that could be related to radiation exposure. Possibly relacteé was the

occurrence of about twice the number of miscarriages and stillbirths

in the exposed compared with unexposed Rongelap women. This diifer-

ence was not seen after 5 years. QOE ARCHIVES
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During the second decade there have been more serious developments.
Some Rongelap children showed growth retardation which was later realized
to be associated with a hypothyroid condition due to radiation injury to
the thyroid gland largely from radioactive iodine absorbed at the time
of the fallout., The thyroid dose was estimated to be 335 rads for
Rongelap -adults and 700-1400 rads for children, the higher dose in child-
ren being due to the smaller size of their thyroid glands.

In 1963 ;umors of the thyroid began to appear in Rongelap children
and to a lesser extent in adults. These tumors have continued to develop
in ensuing years until at the present time 29 of 86 Rongelap and Ailingnae

people (about 1/3) have developed abnormalities of the thyroid gland, the

majority in children.

_ Age at Thyroid

Group Exposure No. Abnormalities Surgery Canicer

Rongelap < 10 22* 18 (82%) . 16 1

' > 10 45 5 (11%) 4 2

Ailingnae <10 7 2 (29%) 0

> 10 12 4 (36%) 3 0

Combined <10 29 20 (707) 17 1

< 10 86 29 (347) 7 2

* 3 of these were exposed in utero, one of whom had non-malignant
thyroid tumors removed. -

DOE ARCHIVES

1 of these was exposed in utero.
i
The table shows that 24 have had thyroid surgery in the United States wich
three of the tumors proving to be cancer. No recurrence of tumors has been nored

following surgery. A low incidence of thyroid tumors has also been noted

in the unexposed Rongelap control and in the low exposure Utirik groups.
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The exposed Rongelap people have been treated with thyroid hormone
for the past 10 years and this treatment has successfully maintained nor-
mal thyroid status in the affected people and enhanced growth and develop-
ment in retarded children.

In 1972 a 19 year old Rongelap man who had been exposed at one year
of age died of acute leukemia in spite of e extensive treatment at the

Josrirnzs cf Hragsh
Clinical Center of the National CGancer—3Institute. The illness may have
been induced gy radiation.

The annual medical examinations of the exposed Marshallese people
continue with a team of highly qualified medical specialists. In addi-
tion we now have a resident physician stationed in the Marshall Islands
who mukes at lcautAquartcrly visits for health care to the expoued

people on the outer islands.
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